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1 Introduction
Phase discontinuity and its model has been discussed and agreed as simulation assumption [8,12].  Intention of the simulation campaign has been to determine what are criteria when Joint Channel Estimation (JCE) is beneficial and what impairments can be allowed for the UE to accommodate reasonable design. In this paper we discuss phase discontinuity and its model and propose a way to define a requirement for the UE to respect the phase continuity requirement. 
We show in this paper how agreed phase discontinuity values translate to EVM numbers. The numeric values for the requirements should be derived from the link simulations and in a separate submission [12] we show how the EVM values translate to loss of throughput compared to ideal case.  
2. 	Discussion
2.1	Requirement discussion for phase continuity
Phase discontinuity as a testable requirement for the UE might have some problems in the testing phase since accuracy of a phase detection may be less than the defined requirement. Some amplitude inaccuracy will also impact the phase measurement so these two, phase and amplitude inaccuracies should be considered together. 
Observation 1: Both phase and amplitude inaccuracy should be discussed together. 
A better way to define the requirement would be to define a vector criterion that combines the amplitude and phase. Currently the phase error being discussed in [8,12] has been in degrees irrespective of the amplitude and amplitude error has been in dB which is then also a relative figured of merit. Combining these to a relative vector error results in to same as Error Vector Magnitude (EVM) in relative expression such as %. Just to illustrate the basic principle, we draw the amplitude error and phase discontinuity to EVM in Figure 1. 
If ideal constellation is defined by X∠Y and the actual X’∠Y’ then the error vector is X’∠Y’ - X∠Y or (X’-X) ∠(Y’-Y). 


Figure 1. Error vector principle
This is all elementary and how EVM is defined now. In order to understand how UE requirement for JCE can be defined with the means of EVM, we need to understand how EVM is defined. The RMC for EVM test specifies three DMRS’s in the slot (Annex A.2) and interval is one slot. That means for every slot, the DMRS is the slot is used. For JCE, this needs to be revisited and there are two options:
1) Use the DMRS’s in the first slot in the bundle as reference
2) Use all the DMRS’s from all the slots in the bundle as reference
In option 2 further discussion is needed how multiple DMRS’s should be used and simples form is to use averaged and then apply that channel estimate to all PUSCH (or PUCCH) symbols.
Proposal 1: Use all DMRS’s from all the bundled slots equally for EVM requirement for UE for JCE channel estimation      
The description for the EVM process is needed for UE requirements, preferably in the annex F. 
2.2	Phase discontinuity to EVM translation
With the process described in the previous section for EVM for bundled slots and using same phase discontinuity model  and amplitude error as in link simulations in [12] we can observe the following results:
Table 1. 0.2 dB amplitude and 12 deg phase discontinuity vs EVM degradation using JCE EVM
	Bundle length (number of slots)
	EVM (dB)
DFT-s-QPSK
	EVM (dB)
CP-OFDM QPSK

	1
	-16.3
	-16.3

	2
	-13.2
	-13.1

	4
	-12.2
	-12.1

	8
	-11.6
	-11.7

	16
	-11.3
	-11.3



In this simulation, the 1 slot case represent the current EVM requirement since the DMRS’s are used for the PUSCH on the same slot and there is no additional phase or amplitude error. Evaluation period for the EVM is one slot according to current requirements in TS 38.101-1 and 38.101-2. This 1 slot case sent the baseline here since the EVM requirement for QPSK is 15.1 dB. 
For the bundle length of two slots, phase discontinuity and amplitude error of +/- 0.25 dB is applied between the 1st and 2nd slot and since the DMRS’s are used from all slots, there is an error in the estimate that results in the EVM degradation. This method provide RAN4 a good testable way to set requirements for UE supporting DMRS bundling. 
Proposal 2: Define UE requirement as EVM using JCE process 
With increasing number of slots, the EVM degrades further since more errors are included. 
Observation 1: With increasing number of slots in the bundle, the value for EVM degrades further since more phase and amplitude errors are included in the process
RAN4 can now decide how to set the requirement out of following options:
1) Set the maximum limit of EVM degradation with this process to apply for any amount of bundled slots (maximum number of bundled slots is UE capability as agreed in RAN1). This way the phase discontinuity requirement between two slots becomes stringent with increasing amount of slots in the bundle
2) Set different EVM requirement corresponding same amount of phase discontinuity between two consecutive slots. RAN4 would then need to analyse different phase discontinuity values for different number of bundled slots
Our view is to set one requirement  and then UEs that wish to declare larger number of maximum bundled slots need to perform better.
Proposal 3: Define one EVM value for UE supporting DMRS bundling regardless of maximum number supported slots in a bundle.  
2.3	Frequency error handling
Currently UE is allowed for 0.1 ppm frequency error that can translate to phase error [9]. The requirement does not specify anything for the UE behaviour i.e. can UE frequency jump randomly within the boundaries or are there assumptions of it being more stable during continuous transmissions and frequency error changes only when TA is applied. Our view is that for this study and requirement we can make an assumption that the frequency error does not chance during a bundle but is constant within specified boundaries. The agreement in [12] that TA is not applied also implies this behaviour. 
Proposal 4: Frequency error is assumed constant for the duration of the bundle provided that the maximum bundle length is not too long.   
Conclusion
We discussed how to set requirements for the UE for JCE and made the following observation
Observation 1: With increasing number of slots in the bundle, the value for EVM degrades further since more phase and amplitude errors are included in the process
We also made the following proposals:
Proposal 1: Use all DMRS’s from all the bundled slots equally for EVM requirement for UE for JCE channel estimation      
Proposal 2: Define UE requirement as EVM value using JCE process 
Proposal 3: Define one EVM value for UE supporting DMRS bundling regardless of maximum number supported slots in a bundle.  
Proposal 4: Frequency error is assumed constant for the duration of the bundle provided that the maximum bundle length is not too long.   
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